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1. Context
•
Aft er a dr ier autumn than usual in North West Scotland the beginning of
1989 had above average precipitation . During January over three times the
•
mon th ly average rainfall fell in some places. The fi rst week of February also
had high rainfall so that dur ing the first six weeks of the year one third of
•
the average annual rainfall had fallen compared with the usual one seventh
(MacG regor , pers. comm.).
• On the 5th February an intense depression formed near Iceland with an
•
associated warm fro nt which moved through North West Scotland dur ing the
aft ernoon of the 5th. This was followed by a trailing cold front in a strong
•
south-westerly airstream which cont inued through the 6th February. During
the two days heavy rain fell over much of North West Scotland. The largest
•
2-day tot al of 306.1 mm which occu rred at Kin loch Hourn was a new British
record. Other notable 2-day rainfalls were 285 4 and 261.1 mm aro und Loch
• Lochy. One day falls were also large bu t less exception al (see Section 2).The rainfall was accompanied by a temperature rise which melted the snow on
•
the hills that had formed par t of the precipitation of ear ly February . This
increased the fl ow of wate r into the rivers. Widespre ad damage was caused by
•
the resulting fl oods, particu larly in the Ness and Conon areas. Modelling
studies have indicated that the critical storm duration for the Conon
•
catchment is 48 hours (Shaw, 1989).
•
This report aims to assess the  rarity of the 2-day rainfall totals for the storm.
In addit ion it looks at whether rainfall totals have been of greater depth in
•
recent years and whether the FSR growth curves are applicable for the Ness
region.
• 2. Rainfall data for the event
•
•
DAILY GAUGES
Seventy daily gauges were provided. Of these six were not used either
•
because they lacked any data for the 5th and 6th February or they were
considered to be too distant from the stu dy area. Of the remaining 64
•
gauges, 35 had readings for both the 5th and 6th leaving 29 gauges that were
not attended each day during the relevant time period. The 2-day to tals for
•
these gauges were estimated by allocating a proportion, to each day, which was
similar to those proportions observed at nearby gauges. Where there was a
•
nearby gauge with a similar rainfall total to the one with the missing data,
this gauge was given greater influence in choosing the proportions than other
•
nearby gauges. Hereaft er both sources of 2-day totals ar e referred to as
"observed".
00
• The observed 2-day totals are mappe d in Figure 1. Th e gauge loca tions are
also shown to give some indication of which parts of the map are most
reliable.
•
• HIST O GRAMS
•
A number of the daily gauges provided have been used to draw histograms of111 the week' s rainfall. A selection are presented in Figure 2. Missing data are
indicated by a star next to the day number on the hor izontal axis. The
his togr ams show that there was widespread rain on the days preced ing the
storm, the largest falls being in the South West of the stu dy area (e.g. gauge
O  693637 at Gairlochy). Th ey also ind ica te how the storm rainfall was divided
betwee n the 5th and 6th February. This varied with region: the North and
• West of the st udy area tended to have higher rainfall on the 5th than the
6th (e.g. 789210 at Fannich Lodge, 778574 at Benmore) while the South and
• Ea st had higher rainfall on the second day or similar totals on bot h days (e.g.
695547 at Fersit , 80559 1 at Culloden) . This appears to be consisten t with our
knowledge of the synopt ic feature responsible for the heavy rain.
The fi nal histogram in Figure 2 (798224 at South Laggan) illustrate s how the
very large 2-day rainfalls were in most cases split evenly between the two days.
This meant that the 2-day totals were much rarer than either of the 1-day
values as seen in the following table using South Laggan as an example.
•
SU BDA ILY GAUGES
• Data, fro m ten subdaily gauges provided, indicate that the period of heavy
rainfall coincided unusually well with the rainfall measurement days, 9.00 am
5th February to 9.00 am 7th February. Th is needs to be accounted for in
the agyassment of sto rm rarity. Whereas the da ily data provide a good
descr ipt ion of the February 1989 sto rm depth, this will no t general ly be the
case for other historical 2-day rainfall dep ths against which the rarity of the
sto rm is assessed. The approach taken to allow for this was to estimate the
O 2-day depth that might have been recorded for the even t, had the rainfall
measurement day been otherwise defi ned . By reference to data from six
41 subdaily gauges (in, or close . to, the ca tchments) 48-hour depths wereabstracted for eight further periods, commencing up to 12 hours ear lier or 12
hours later than 9.00 am 5th Feb. Th e analysis ind icated that such a storm
might be expecte d to yield, on average, 2-day rain fall de pths about 5% less
•
than those actually recorde d. For this reason a "d ownra ting factor" of 95%
••
•
• was appl ied to the 2-day depths before assessing the rar ity of these totals.
•
• 3. Standard assessments of storm rarity
•
POINT RAINFALLS
•
Return periods have been calculated, using the FSR II method, for each of
the "downrated" 2-day totals. The FSR II method has two stages in this
1) Finding the 2-day M.5 value at the gauge location. This was done by
using a digitised form of the 2-day M5 map.
2) Converti ng the 2-day M5 values to dif erent return periods using equations
•
from Keers and Wescott( 1977) based on the tables in FSR II 2.3.
• The highest return periods found for the storm (after the rainfal ls had been
adjusted for the effect of synchronisation with rainfal l measurement day) were
• 5500 years at Chmes Forest , 3800 years at Kin loch H ourn and 3400 years at
South Laggan. The higher 2-day M5 value at Kin loch Hourn meant that
despite having the largest 2-day rainfal l it did not have the highest return
period. The complete set of return periods can be found in the Appendix. A
• map of return 'per iod (1') is given in Figure 3. The interpolation from the
gauge locations to a regular grid (required for contouring) is done on log T
rather than T. The map of return period shows a similar structure to that of
rainfall depth.
•
• CATCHMENT RA INFA LL
•
The triangle method (Jones 1983) has been used to calculate average 2-day
• rainfal ls for the Ness, Beau ly and Conon basins. The results are 139.8, 1193
and 128.5 mm respectively. Again, to assess the rarity of these average
• rainfal ls the coincidence with the rainfall measurement day must be accounted
for by using average rainfal ls .of 95% of those calculated. The FSR
method for catchment rai nfal l frequency estimation is then used. (FSR II 8.1.2)
The catclunent is divided into two or three areas based on SAA R. The
• average 2-day M.5 val ue for each of these areas is found and is then used as
a representative point For each return period, the catchment rainfal ls are
• taken as the area weighted averages of the rainfal ls at the representative
points wi th the result being reduced by the appropriate areal reduction factor.
• Th is gives return periods of about 115 years for the Ness, 100 years for the
Conon and 21 years for the Beau ly.
•
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4. Special investigations
TREND IN ANNUAL MAXIMU M 2-DAY RAINFALLS
The analysis is based on rainfal l data from all the gauges within the Ness,
Beau ly and Conon hydrometric areas for which at least ten years of
computerised data are held. This is a total of 63 gauges, two of which have
over 60 years of records. Th e long-term gauge at Fort William was used to
provide additional data before 1961.
Figure 4 shows annual maximum 2-day rainfal l standardised by SAA R plotted
against year for all the gauges. In addition the line obtained by simple
regression of rainfal l on year is plotted. The equation of the line is
2-day annual maximum/SAA R = 0.595 - 0.000110(Year-1900)
Both coeffi cients are signifi cantly dif erent from zero but the trend is relatively
weak. The analysis does not support the view that heavy rainfalls in the area
are increasing in frequency.
THE APPLICABILITY OF FS R H GROWTH FACTORS TO
T HE NESS REGION
The applicability of the FSR 11 growth factors to the Ness region was assessed
by comparing the gauged and FSR 2-day frequencies for sites with long
records. Th ree gauges were used: Garthbeg (803475), Achareidh (805939) and
Fort William (691872). Figures 5 show the extreme value plots, fi tted general
extreme val ue distributions and the standard FSR synthesis. The fi gures show
that the degree of correspondence between the FSR based frequency curves
and the observed data is reasonably good and hence provide litt le evidence
that the FSR U synthesis is inappropriate for this region. However there was
insufi cient time within the present study to verify, in the Ness area, the
qual ity of the 2-day M5 map on which the rainfall frequency est imates are
dependent.
5. Further research
Possible additional investigation can be divided into two areas, further research
of the February 1989 storm and more general research related to rainfal l in
the region.
4
FEBRUA RY 1989 STORM
•
• The rarity and the widespread nature of the February 1989 storm and
associated fl ooding suggest the possibility of furt her research particular ly in the
• following areas:
• (i) Collating and interpreting additional descriptive information available for the
storm, for example from weather stati on and satelli te data
•
(ii) A ssessing the contribution of the wet conditions prior to the storm to the
• severity of fl ooding. However, such assessment of the rari ty of combined
circumstances is non-trivial and would advisedly incorporate rainfall-runoff
• modelling of key catchments.
•
GENERAL RESEARCH POSSIBILIT IES FO R THE REGIO N
•
• Areas of possible addit ional investigation are as follows:
• (i) Testing of the 2-day M5 map for the region
• (ii) Further investigation of possible trends in rainfall frequency. To do this
more thoroughly it would be helpful to analyse additional long-term daily
• rainfal l records in the region and to consider catchment rainfalls as well as
point rainfalls.
•
(iii) A comprehensive re-working of 1 and 2-day rainfal l frequency in Northern
• Scotland using a focussed growth curve method (Reed and Stewart,1989).
• To be convincing these analyses would require a more comprehensive dataset
than at present held. It is understood that the Meteorological Office
• (Edinburgh) hold pre-1961 records of daily rainfal l in manuscript form.
•
•
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T igure 1: 2-day rainfal l depths for 5-6th February 1989
••
• Figure 2: Rainfal l for l st- l Oth February at selected gauges
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Figure 3: Estimated return period of the 2-day event
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• Figure 5b: 2-day rainfall frequency, Achareidh
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Figure 5c: 2-day rainfall frequency, Fort William
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A ppendix: G auge details
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INSTITUTE of HYDROLOGY
The  Institute of Hydrology  is a compone nt esta blishme nt of the UK
Natural Environme nt Rese a rch Co uncil, g rant-aided from Gove rnme nt
by the De partme nt of Educa tion and Scie nce . For ove r 20 years the
Institute has bee n at the fore front of research e xploration of hyd rolog ical
syste ms within comp le te ca tchment areas and into the phys ical
proce se s by which ra in or snow is transformed into fl ow in rivers.
App lie d stud ies , und e rtake n both in the UK and ove rseas, e nsures tha t
re se arch activities are close ly re lated to practical ne eds and tha t newly
deve loped me thod s and instrume nts are teste d for a wide ran ge of
e nvironme ntal conditions.
The Institute , ba se d at Wallingford , e mploys 140 staf , some 100 of whom
are graduates Staf structure is multidiscip linary mvolving physicis ts ,
ge ogr aphe rs, geo logists , co mpute r scientists, mathematicians, chemists ,
environme ntal sc ientists, soil sc ientists and bo tanis ts Rese arch
de partme nts include ca tchme nt rese arch, re mote se nsing,
instrumenta tion, data process ing, mathematical mod el ing,
hyd rogeolog y hyd roc he mis try soil hydrology evaporation fl ux stud ies,
vegetation-atmosphe ric interac tions , fl ood a nd low -fl ow predic tions,
ca tchment re spo nse and enginee ring hyd rology.
The budge t of the Ins titute comp rises Et 5 million pe r year About 50
pe rce nt re lates to researc h programmes funded dire ctly by the Natural
Environme nt Rese arch Co uncil. Extensive commissione d rese arch is
also car ried out on be half of gove rnme nt de partm e nts (both UK and
ove rseas ), various inte rnational age ncies, e nvironme ntal organisations
and private se ctor clients . The Institute is also responsible for
nationally archived hyd rologica l data and for pub lishing annual y
HYDROLOGICAL DATA: UNITED KINGDOM.
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